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(54) Assay device for liquid sample 

(57) Disclosed is an assay device comprising liquid 
transport means adapted to take up a liquid sample and 
conduct the liquid to an analyte detection region opera- 
ble to provide a test signal indicative of the presence 
and/or amount of an analyte in the liquid sample; the 
assay device further comprising a sample presence sig- 
nal generation means, which is not generated by means 
of an immunoreaction. This sample presence signal 
generation means can comprise a coloured portion, 



which is overlead by a material (e.g. nitrocellulose) that 
is opaque, when dry, and translucent or transparent, 
when wet, to allow the coloured portion to become vis- 
ible to the user. In another embodiment the signal gen- 
eration means comprises a colour changing material 
which undergoes a change in its visible properties upon 
wetting (eg. pH indication). A third embodiment uses a 
mobilisable detectable material which, when wetted by 
the sample, is carried along resulting in a streaked line 
parallel with the flow direction. 
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Description 

Field of the Invention 

[0001] The invention relates in general to the field of 5 
assay devices for measuring an analyte in a liquid sam- 
ple and, more particularly, to such assay devices having 
a sample presence signal generation means. 

Background to the Invention 

[0002] A number of assay devices for use in the meas- 
urement of one or more analytes in a liquid sample are 
known. Some of these are complex devices for use by 
trained personnel; for example, sampling devices for in- 
dustrial liquids, water etc. or laboratory tests on blood, 
urine and the like. However, an important category of 
assay devices includes those intended for home use by 
consumers, for example home pregnancy test kits. 
Home pregnancy test kits typically function by determin- 
ing the amount of the hormone human chorionic gona- 
dotropin (hCG) in a urine sample, and normally provide 
a visible indication as to whether a subject is pregnant. 
[0003] The specific example of the Clearblue test from 
Unipath, England (Clearblue is a registered Trade Mark) 
as described in EP 291194 and EP 560411 will now be 
used to illustrate various issues concerning such devic- 
es, although the issues are applicable to a broad class 
of assay devices. 

[0004] EP 291194 discloses a lateral flow assay de- 
vice whereby sample is introduced onto a porous carrier 
such as nitrocellulose which has been pretreated with a 
mobilisable labelled first species such as an antibody 
capable of binding with the analyte of interest. The la- 
belled analyte-antibody complex then permeates into an 
analyte detection region whereupon it reaches a second 
species (antibody), immobilised on the porous carrier, 
which binds the complex. Typically the second species 
is immobilised in a stripe across the carrier such that, in 
the presence of analyte, a test signal in the form of a 
line will appear in the analyte detection region due to 
concentrating of the label, typically gold or dyed latex. 
[0005] Such assay devices are used amongst others 
by users wishing to tell whether they are pregnant, i.e. 
to detect the presence of the pregnancy hormone hCG. 
Such users may be using the assay device for the first 
time or may be a highly emotional state. Furthermore, 
the test will normally be carried out and interpreted by 
someone who typically will not be clinically trained. 
Thus, it is advantageous to have an assay device which 
is both accurate and reassuring to the user, providing 
as little ambiguity as possible. 

[0006] In order to ascertain whether the assay has 
been carried out properly, a control region is typically 
present. For example, in EP 291194, an immobilised 
species is present which is able to bind to the labelled 
first species. Thus, the control region serves to indicate 
that in the absence of a positive result, the assay device 



was both functioning properly and used correctly. It thus 
indicates that enough sample had been added and that 
the labelled species was present and was able to per- 
meate along the porous carrier, i.e. that there are no 
blockages or manufacturing defects etc. The control re- 
gion is typically downstream of the test region. However, 
the strength of the signal formed at the control region 
will depend upon the level of analyte present. A high lev- 
el of analyte will arguably bind more of the mobilised 
species leaving less unbound species to reach and bind 
at the control line. 

[0007] EP 355244 (Abbott Laboratories) discloses 
such a control region (e.g. denoted by reference numer- 
al 32 in Figure 1c) which is configured as a minus sign 
(see claim 3 and Figures 1b and 1c) perpendicular to 
the direction of flow. The minus sign is also designed to 
bisect the read (vertical) line such that, in the absence 
of analyte, only a minus sign is formed, and in the pres- 
ence of analyte, a plus sign is formed. 
[0008] However, there are drawbacks with using this 
approach, one of which is that when using a capture 
zone such as a line disposed parallel to the direction of 
flow, binding of the labelled species takes place prefer- 
entially at the leading front edge. A strong signal will be 
observed at the "beginning" of the line which will fade 
out along its length. This is undesirable from the point 
of view of a consumer, as the consumer will want to be 
reassured by the presence of a bold and unambiguous 
line. 

[0009] As an alternative, EP 421294 discloses an off- 
set symbol (see Figure 6). In such an embodiment the 
test signal and control signal are produced at an angle 
(denoted by reference letter U C" in Figure 6) to the di- 
rection of fluid flow overcoming the problem of signal 
fade out. This however is something of a compromise 
since an offset cross may not be instantly recognisable 
as a "plus" sign indicative of a positive result, nor would 
an angled line be necessarily recognisable as a "minus" 
sign indicative of a negative result. 
[0010] In the case of EP 291194, the control signal 
may be a line perpendicular to the direction of flow, 
which resembles the test signal. In the presence of an- 
alyte, two vertical lines are seen. However, in the ab- 
sence of analyte, only the control signal line is seen, i. 
e. no visible signal is formed in the analyte detection 
region. The inventors have found that the absence of a 
line of any sort in the analyte detection region, following 
performance of the assay, is undesirable to consumers. 

Summary of the Invention 

[001 1 ] As an alternative to EP 291 1 94 and related de- 
vices, the assay device of the present invention provides 
a sample presence signal generation means instead of 
or as well as a control signal generation means. Pre- 
ferred embodiments provide a way to give a visible sig- 
nal in the plus/minus format or other formats, including 
but not limited to those formats where the test signal and 
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a further signal interact to form a specific symbol free 
from signal fadeout without having to resort to character 
offset. The signal is generated solely as a consequence 
of the carrier being wetted by sufficient liquid sample, 
namely when taken alone is not indicative of a val id neg- s 
ative result since it provides no indication that the test 
has functioned properly other than that it has been wet- 
ted by sufficient liquid sample. Thus the sample pres- 
ence signal generation means of the present invention 
functions in a different way to a control signal generation 
means of the type disclosed in the prior art. In particular, 
the resulting sample presence signal does not provide 
information as to whether a labelled antibody (which has 
a role in forming a test and/or control signal) has been 
mobilised and permeated along a carrier, nor whether a 
labelled antibody is functioning correctly (eg that a par- 
ticular specific binding property has been conserved). 
The sample presence signal generation means may be 
positioned anywhere along the carrier although prefer- 
ably it is positioned downstream from it or more prefer- 
ably within the analyte detection region. 
[0012] A conventional control signal generation 
means is preferably present in addition, distantly located 
from a test signal (e.g. in the form of a read line) and 
sample presence signal (e.g. in the form of a sample 
indicator line). 

[0013] A preferred embodiment of the invention ena- 
bles a sample presence indicator line to be disposed 
parallel to the direction of flow of the sample without sig- 
nal diminishment since the sample presence signal line 
is not formed by an immunoreation. 
[0014] Finally, even in the absence of analyte, the us- 
er will still be able to see a sample presence signal, such 
as a minus sign, as opposed to not seeing any visible 
signal in the analyte detection zone as provided by 
EP291194. 

[001 5] According to a first aspect of the present inven- 
tion there is provided an assay device comprising liquid 
transport means such as a porous carrier adapted to 
take up a liquid sample and conduct the liquid to an an- 
alyte detection region operable to provide a test signal 
indicative of the presence and/or amount of an analyte 
in the liquid sample; characterised in that the assay de- 
vice further comprises a sample presence signal gener- 
ation means. 

[0016] Preferably, the sample presence signal gener- 
ation means generates a sample presence signal in the 
analyte detection region. 

[0017] Preferably, also or instead, the sample pres- 
ence generation means generates a sample presence 
signal which interacts with the test signal in the presence 
of analyte to form an interactive symbol representative 
of a positive result. 

[0018] In this specification, the term "immunoreac- 
tion" refers to specific binding reactions between an an- 
tigen and an antibody. Antibodies include proteins de- 
signed to bind to antigens and produced by an animal's 
immune system or synthetic immune system technolo- 



gies such as phage display or ribosome display, and in- 
cludes single chain variable fragments, Fab fragments 
and other peptides derived from antibodies. 
[0019] The term "control" as used herein refers to a 
signal which indicates that a valid assay result has been 
achieved. Thus, it must indicate that one or more of the 
reagents, which have a role in providing the test and/or 
control signals, are present in functional form. An exam- 
ple of such a control is given in EP 0560411, wherein 
the control zone contains immobilised antibody or ana- 
lyte that can bind to the labelled reagent. 
[0020] The term "interactive symbol", when applied to 
the test signal and sample presence signals, means that 
the two signals together form a symbol which a user will 
typically understand as an indicator having a semantic 
meaning as a whole. For example, if the test signal and 
sample presence signal together form a cross, this will 
be perceived as a single symbol having its own semantic 
meaning: a positive result. Even if the two signals are 
not directly in contact, they may still interact if they are 
sufficiently close together to be viewed together. For ex- 
ample, two lines side by side within an analyte detection 
region or a picture formed from discrete lines can be in- 
teractive. 

[0021] Thus the present invention provides an assay 
device which generates a signal indicative of the addi- 
tion of a liquid to the device, the signal being formed 
irrespective of the presence of absence of the analyte 
of interest, and wherein the signal does not provide in- 
formation as to whether a labelled antibody has been 
mobilised and permeated along a carrier in correctly 
functioning form. 

[0022] Preferably, the assay device has a casing, the 
casing having a first window therein though which the 
test signal and sample presence signal are viewable, 
when formed. This window may delimit the analyte de- 
tection region, encouraging the user to view the con- 
tents of the window as forming an interactive symbol 
with a particular semantic meaning; for example, where 
a first combination of signals indicate a first outcome of 
the test and a second combination of signals indicate a 
second outcome of the test. 

[0023] Preferably, the sample presence signal resem- 
bles a minus sign. Preferably, the sample presence sig- 
nal is oriented parallel to the direction of flow of the liquid 
sample in the liquid transporting means. Preferably, the 
sample presence signal interacts with the test signal, to 
form a symbol (such as a "plus" sign) which represents 
a positive result when the analyte of interest is present. 
Typically, the test signal is in the form of an elongate 
patch orthogonal to the direction of fluid flow. Preferably, 
the test signal intersects the sample presence signal 
and so forms a plus sign when the test result is positive. 
[0024] Preferably, the assay device further comprises 
a control signal generation means downstream of the 
analyte detection region adapted to generate a control 
signal indicative that one or more reagents present in 
the assay device are functioning. Where the assay de- 
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vice has a casing with a first window, the control signal 
generation means is preferably located in a second win- 
dow. 

[0025] The window may be any means through which 
the test signal and/or sample presence signal genera- s 
tion means can be viewed, for example an aperture. 
Such an aperture may be open or may have a transpar- 
ent protective layer in, above and/or underneath the ap- 
erture. 

[0026] The signal generated may be any such that a 
difference in reading may be easily and readily ascer- 
tained before and after the sample presence indicator 
means has been wetted with sufficient sample. Such 
means however should not interfere with the assay re- 
sult itself. 

[0027] Preferably, the liquid transporting strip com- 
prises material which, when dry, is substantially opaque 
but which, when wet, becomes transparent. The liquid 
transport means may advantageously comprise several 
portions; for example, a wick portion for initially contact- 
ing the liquid sample and a porous nitrocellulose strip 
portion in fluid communication with the wick. Conven- 
iently, in such a device, the analyte detection region and 
the sample presence signal generation means are lo- 
cated on the liquid transporting strip means. 
[0028] Preferably, the liquid transport means compris- 
es a liquid transporting strip, especially a strip of bibu- 
lous material; for example, a porous carrier, such as a 
nitrocellulose strip. Preferably, the liquid transporting 
strip comprises material which, when dry, is substantial- 
ly opaque but which, when wet, becomes transparent. 
The liquid transport means may advantageously com- 
prise several portions; for example, a wick portion for 
initially contacting the liquid sample and a porous nitro- 
cellulose strip portion in fluid communication with the 
wick. Conveniently, in such a device, the analyte detec- 
tion region and the control sample presence generation 
means are located on the liquid transporting strip 
means. 

[0029] Preferably, the assay device has a surface vis- 
ible to the user and the sample presence signal gener- 
ation means comprises a coloured portion which is not 
on the surface visible to the user and which is overlaid 
by a material which, when dry, is substantially opaque 
and which initially obscures at least a part (preferably 
all) of the coloured portion (typically located within the 
aperture) but which, when wet, is sufficiently translucent 
or transparent to allow at least the initially obscured part 
of the coloured portion to become visible to the user. By 
"coloured" we mean that the coloured portion is any col- 
our which is discernibly different, to a human observer, 
to that of the surrounding (and overlying) test strip when 
wet. 

[0030] The embodiment defined in the previous par- 
agraph enables a visible indication to be provided which 
is of particular convenience, as the shape, size, and col- 
our of the coloured portion may readily be selected for 
any particular application. Thus, the coloured portion 



may be black or one or more colours, a shape or pattern, 
text, a message, or any other visible indication. A clear, 
unambiguous line or other shape can therefore be pro- 
vided at any angle or orientation without fadeout. 
[0031] Preferably, the strength or magnitude of the 
sample presence signal generation means is compara- 
ble to that of the test signal when a particular result, for 
example the presence of analyte, is determined. The 
fact that a coloured portion may be selected to have 
specified optical properties, such as one or more col- 
ours, a shape or pattern, text, a message, or any other 
visible indication, means that this aim can readily be 
achieved. 

[0032] The coloured portion may be part of, or asso- 
ciated with, the liquid transporting strip, for example in 
the form of a pre-fabricated or imprinted layer, or a sheet 
applied or a block in contact with the liquid transporting 
strip or sufficiently close to the liquid transporting strip 
to be visible therethrough when the strip is rendered 
transparent by wetting. A sheet may be attached by ad- 
hesive, although in a preferred embodiment, the sheet 
is a plastics or other material portion pressed against 
the liquid transporting strip. The sheet may be pressed 
against the liquid transporting strip means by a protru- 
berance from the assay device casing, which protruber- 
ance may be rigid or resiliently deformable. 
[0033] In preferred embodiments, the liquid transport- 
ing strip comprises a nitrocellulose strip backed with a 
backing layer, such as mylar. Preferably, the coloured 
portion comprises a coloured piece of plastics material 
in contact with the nitrocellulose layer with the mylar lay- 
er being uppermost in the device window. The piece of 
plastics material may be part of the casing of the assay 
device. 

[0034] Preferably, the coloured portion presses upon 
the liquid transporting strip means. It is perhaps surpris- 
ing that this works as one would have thought it would 
interfere with liquid flow in the liquid transporting strip 
means. 

[0035] Alternatively, the coloured portion may be 
printed on the backing layer. Alternatively, the coloured 
portion may be printed or otherwise formed on a sheet 
of mylar or other plastics material which is affixed to the 
side of the nitrocellulose strip not visible to a user; this 
may be the backing layer side but preferably the sheet 
is in direct contact with the nitrocellulose. 
[0036] A line may be printed or otherwise formed or 
deposited on the side of the nitrocellulose strip that is 
not presented to the user using an ink which does not 
penetrate through the nitrocellulose strip. 
[0037] The assay device may be of otherwise conven- 
tional construction, similar to that disclosed in EP 
291194 or EP 560411. 

[0038] The assay device will typically have a porous 
sample wick intended for the collection of the liquid sam- 
ple which is in fluid connection with the liquid transport- 
ing strip means. Thus the sample collected by the po- 
rous sample wick flows on the liquid transporting strip 
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means whereby it travels towards the analyte detection 
region. 

[0039] The sample presence signal generation 
means alternatively comprises a mobilisable detectable 
material such as an ink spot or a coloured dye, which is 
localised on or in the liquid transport means and which 
when wetted by the liquid sample, is carried by it along 
the liquid transport means resulting in a streaked line 
generally parallel with the sample flow direction. This 
streaked line provides a "minus" sign and again is inde- 
pendent of any binding reaction and therefore not sub- 
ject to any signal diminishment. Since the streaked line 
will continue to be formed along the liquid transport 
means as the liquid sample progresses, the control sig- 
nal generation means, if present, may be offset from the 
flow path of the sample presence signal such that it does 
not interfere with the control signal. 
[0040] The resulting coloured streak provides a visi- 
ble indication to a user that sufficient liquid sample has 
been taken up. The mobilisable detectable material may 
comprise a coloured material such as an ink spot or a 
coloured dye, or a colour-forming material such as a pH 
indicator which changes colour or an enzyme which ca- 
talyses formation of a coloured material. Conveniently, 
only a localised patch or spot of coloured or colour-form- 
ing material may be located on the liquid transporting 
strip means, thereby simplifying manufacture. 
[0041] Typically, the assay device will further com- 
prise a window through which both the sample presence 
signal, such as a coloured streak, when formed, and the 
test result, when formed can be seen. Preferably, the 
patch or spot of coloured or colour-forming material is 
located outside of the window, so that the coloured or 
colour-forming material can only be seen once the 
streak has been formed. Alternatively, the patch or spot 
of coloured or colour-forming material may be obscured 
prior to use, e.g. by concealment beneath an opaque 
material such as an adhesive sheet or label or the like. 
[0042] Preferably, the coloured or colour-forming ma- 
terial has appropriate properties and is present in an ap- 
propriate amount to give a coloured sample presence 
indicator or streak which is of similar visible appearance 
to the test signal when a positive test result is indicated. 
[0043] A possible problem with such a device, if it also 
has a control signal generation means, downstream 
from the patch or spot of coloured or colour-forming ma- 
terial, is that the streak may continue to migrate into the 
control signal generation means, thereby causing a con- 
fusing additional signal to be formed offset from the flow 
path of the sample presence indicator streak. Such a 
problem is preferably solved by providing the control sig- 
nal generation means offset from the streak. In a pre- 
ferred embodiment, the localised patch or spot is cen- 
tered on the liquid transporting strip means and the con- 
trol signal generation region is off-centre. The control 
signal generation region may be in a window offset from 
the flow path of the sample presence indicator signal or 
streak. 



[0044] In yet another embodiment, the sample pres- 
ence signal generation means comprises a material im- 
mobilised thereon which is adapted to change a visual 
property in response to wetting. 
5 [0045] Typically, the visual property which changes is 
the colour of the material. 

[0046] The material may be adapted to change a vis- 
ual property in response to wetting by any substance or, 
more preferably, in response to the presence of a liquid 
io (e.g. a sample of interest) having specific properties. 
[0047] Accordingly, the sample presence signal gen- 
eration means can be shaped as is desired to give a 
particular indication. A suitable material is a solvato- 
chromic dye, a pH indicator, or a chromoreactand. Such 
is materials will change colour either in response to wet- 
ting, or to wetting with specific liquids or liquids with spe- 
cific properties, such as polarity. 
[0048] An example of a solvatochromatic dye is Rei- 
chardt's dye. Examples of suitable pH indicators are 
Bromocresol Green, Phloxine B, Quinalidine Red, 
Bromophenol Blue etc. In this respect reference is made 
to corresponding application no. EP 02250121.7, filed 
9 th January 2002. 

[0049] An indicator could be immobilised with a buffer 
or other substance e.g. acid or alkali to control its pH 
and hence its initial colour. The indicator would be se- 
lected such that it would change colour when contacted 
with the sample e.g. urine. A buffer or other compound 
e.g. acid or alkali could be added to the device upstream 
from the indicator that would be solubilised by the sam- 
ple and ensure that the pH of the sample was such that 
a dramatic pH change and hence colour change oc- 
curred when the sample contacted the indicator. 
[0050] Suitable indicators could be immobilised on 
the membrane by entrapping them within hydrophilic 
polymers such as Poly 2-Hydroxy ethyl methacrylate 
(poly(HEMA)) or poly Hydroxy Propyl Methacrylate (po- 
ly(HPMA)). 

[0051] Alternatively it is possible to dye materials with 
indicators in such a way that the dye does not leach out 
when the material is wetted e.g. as is well known in the 
field of pH indicator papers or strips. This could be done 
by selecting a membrane and dye combination that in- 
teract in this way. 

[0052] Alternatively a water insoluble dye could be ap- 
plied in a solvent that is then evaporated off, leaving be- 
hind the water insoluble pH indicator dye. Alternatively, 
some indicator dyes can be fixed by heat or U.V. irradi- 
ation. 

[0053] Alternatively a dye could be selected that binds 
to nitro-cellulose via a hydrophobic interaction (in the 
same way that proteins bind to nitro-cellulose) or the in- 
dicator could be used to dye a carrier molecule (such as 
a protein or micro-sphere) that would itself bind to the 
nitro-cellulose. 
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Brief Description of the Drawings 

[0054] An example embodiment of the present inven- 
tion will now be illustrated with reference to the follow 
Figures in which: 

Figure 1 is a cross section through an assay device 
according to the present invention; 

Figure 2 is an enlarged view of part of the assay 
device shown in Figure 1 ; 

Figure 3 is a plan view of part of the assay device 
of Figure 1 ; 

Figure 4 is a cross-section through part of an assay 
device according to an exemplified embodiment of 
the invention; 

Figure 5 is a cross-section through a part of a further 
exemplified assay device in accordance with the in- 
vention; 

Figure 6 is a cross section through a part of a further 
exemplified assay device in accordance with the in- 
vention; 

Figure 7 is a cross section through a part of a still 
further exemplified assay device in accordance with 
the invention; 

Figures 8(a)-(d) show photographic images of an 
assay device in accordance with the invention (a) 
without top cover or nitrocellulose strip, (b) in as- 
sembled form, (c) indicating that a sample is 
present, and (d) showing a positive result; 

Figures 9(a)-(c) shows an assay device according 
to further embodiment of the invention, (a) before a 
measurement is made; (b) after a measurement is 
made, indicating a positive result; and (c) after con- 
tact with a liquid sample, not indicating a positive 
result; 

Figure 1 0 is a plan view of the nitrocellulose strip of 
the assay device shown in Figure 8(a); 

Figures 11(a) through 11(d) are photographs of se- 
quential development of the sample present signal 
in the test device shown in Figures 9 and 10; and 

Figure 12 is a plan view of a portion of an assay 
device in accordance with a further embodiment of 
the present invention. 



Detailed Description of the Example Embodiments 
Example 1 

5 [0055] Figure 1 is a cross section through an assay 
device 1 which measures urinary hCG, for use as a 
pregnancy test device. Assay device 1 comprises a 
case 2, made from a plastics material and having a re- 
sult window 4 in the form of an aperture. A second ap- 

io erture 5 through which a control signal generation 
means can be viewed is optional. A wick 6 protrudes 
from the case 2, for drawing up a liquid sample into the 
device, and a nitrocellulose strip 10 is in fluid communi- 
cation with the wick 6. Case 2 has a protruberance 8 on 

15 an inner surface. Protruberance 8 presses against the 
nitrocellulose strip 10. Figure 2 is an illustration of part 
of Figure 1. This shows that the nitrocellulose strip 10 
comprises an initially opaque porous nitrocellulose layer 
12, backed by a transparent mylar layer 14. 

20 [0056] Figure 3 is a plan view of the assay device 
shown in Figure 1 (but to a different scale to Figure 1), 
showing that a portion of the nitrocellulose strip 10 is 
visible through result window 4. Initially invisible, there 
are two regions which can be seen through the result 

25 window that may change colour during an assay. Firstly, 
there is an analyte detection region 16. Nitrocellulose 
strip 1 0 has a labelling region 20 (Figure 1 ) in which mo- 
bile blue latex - labelled mouse anti-hCG antibodies are 
present. The analyte detection region 1 6 has immobi- 

30 Nsed anti-hCG antibodies. 

[0057] Secondly, protruberance 8 (Figure 2) is in the 
shape of an elongate thin bar, shown as 18, in Figure 3. 
This is coloured blue, and presses against the nitrocel- 
lulose layer 1 2. It is initially invisible, as the nitrocellulose 

35 layer 12 is opaque when it is dry. 

[0058] In use, the wick 6 of the assay device 1 is 
brought into contact with the fluid sample. In the present 
example, the fluid sample is urine. The liquid sample 
passes up the wick 6, by virtue of the wicking action of 

40 the wick. The liquid sample then passes along the po- 
rous nitrocellulose layer 12, where it carries along mo- 
bile labelled antibody from labelling region 20. As the 
fluid sample passes along the nitrocellulose strip, the 
liquid sample wets the nitrocellulose progressively. If 

45 hCG is present, the labelled anti-hCG antibodies form 
a sandwich complex with hCG, giving a visible test sig- 
nal in the analyte detection region 16. 
[0059] As the nitrocellulose strip is wetted, it becomes 
transparent revealing the blue colour of the protruber- 

so ance 8. Therefore, sample presence signal generation 
means 1 8 reveals the protruberance 8, which is now vis- 
ible and constitutes the sample presence signal. 
[0060] If hCG is not present, the only visible signal ap- 
parent to an observer will be the colour of the protruber- 

55 ance 8. This sample presence signal on its own resem- 
bles a minus sign. When a sample containing hCG is 
applied, the analyte detection region 16 will change col- 
our, by virtue of the retained labelled antibodies, giving 
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the test signal. Therefore, the symbol apparent to the 
user will be a plus symbol, formed by both the test signal 
and the sample presence signal. 
[0061] Therefore, the user can be confident that suf- 
ficient liquid has been added to the assay device and 5 
that the assay has given a positive result, which, in this 
case, indicates that the test subject is pregnant. 
[0062] The colour of the protruberance 8 is selected 
so that it corresponds to the colour of the analyte detec- 
tion region 1 6 when it gives a typical positive result. This 
is not only visually appealing, but gives an additional lev- 
el of reassurance to the user. 

[0063] Figures 8(a)-(d) are a series of photographic 
images showing (a) a test device, without top cover or 
nitrocellulose strip 10, in which a coloured plastic pro- 
truberance 8 formed in the bottom cover can be seen; 
(b) an assembled device having a result window 4 and, 
additionally, an end control window 36 the purpose of 
which is to provide a sample presence signal line by re- 
taining labelled antibody in a conventional fashion. 
[0064] Figure 8(c) shows the device after a test, when 
no positive result is indicated. As a result of the wetting 
of the nitrocellulose layer, which has become transpar- 
ent revealing the protruberance 8, a minus sign appears 
in result window 4. 

[0065] Figure 8(d) shows device indicating a positive 
result due to the presence of analyte. Analyte detection 
region 1 6 has also changed colour, hence a plus sign is 
formed. 

Example 2 

[0066] Figure 4 illustrates an example embodiment of 
the assay device. In this embodiment, a printed mylar 
layer 24 is applied to the nitrocellulose strip, in contact 
with the porous nitrocellulose layer 12. It is held in place 
by a protruberance 22 supported by the case 2 of the 
assay device 1 . Conveniently, the use of a mylar strip 
24 enables any type of image to be used merely by print- 
ing the image on the mylar strip with conventional print- 
ing technology. 

Example 3 

[0067] Figure 5 illustrates an alternative embodiment 
in which a visible image is applied to a mylar layer 26 
by means of printing, and the mylar layer is held in con- 
tact with the porous nitrocellulose layer 12 by an adhe- 
sive layer 28. No protruberance is required in this ex- 
ample, but can optionally be provided. 

Example 4 

[0068] Figure 6 illustrates a further example embodi- 
ment in which the nitrocellulose strip 10 is inverted, with 
the mylar backing layer 14 away from the user. A col- 
oured image is printed directly onto the mylar layer 14 
and simply consists of ink 30 (thickness exaggerated in 



the Figure). In this embodiment, an additional protective 
layer 32 is provided to protect the nitrocellulose strip. 
This protective layer 32 is 50 microns thick Adhesives 
Research TM laminate, applied by a hand roller. This 
was found to slow down the movement of liquid through 
the laminated region which can be of benefit. Again, no 
protruberance is required but can optionally be provid- 
ed. 



[0069] Figure 7 illustrates a further example embodi- 
ment in which the nitrocellulose strip is orientated as be- 
fore, with the mylar layer 14 towards the user. An ink 
layer 34 is printed directly onto the porous nitrocellulose 
layer 12. It is necessary that this ink does not penetrate 
through the nitrocellulose layer, and an appropriate ink 
must be selected for this purpose. 



[0070] Figure 9 illustrates in plan view, a schematic of 
the nitrocellulose strip of an alternative embodiment. 
Here, the casing, wick, analyte detection region and la- 
bel are as before. The nitrocellulose strip 100 is partly 
visible through a results window 110. An ink spot 120 is 
located on the nitrocellulose strip 1 00. It is not within the 
results window 110, and is therefore obscured initially 
by the assay device case (not shown). 
[0071 ] I n use, ink from the ink spot 1 20 is carried along 
by the flow of the liquid sample forming a streak 130 
which is visible in the results window 110. The ink spot 
is made from an ink selected so that it is neither insuffi- 
ciently mobile to produce a suitable streak, nor moves 
entirely with the solvent front so as to not form a streak. 
[0072] However, a reaction zone having immobilised 
anti-hCG antibodies is also present, forming a coloured 
bar 140 indicative of a positive result, depending on the 
presence or amount of analyte in the liquid sample. 
Thus, in the event of a positive result, a plus sign is 
thereby produced, as shown in Figure 9(b). Figure 9(c) 
illustrates the coloured bar 1 40 on its own, when no pos- 
itive results is indicated but liquid sample has been add- 
ed. 

[0073] Figure 1 0 illustrates the nitrocellulose strip 1 00 
for use in this invention. The ink spot 120 can be a cir- 
cular spot, or a rectangular or other shaped mark 1 20b. 
The ink spot 1 20 is positioned downstream from a region 
125 which, when the device is assembled, is in contact 
with the wick. Holes 1 45, in the nitrocellulose strip, are 
provided to engage with formations on the assay device 
case, holding the nitrocellulose strip in place. 
[0074] A suitable ink can be applied using an Ostaline 
(RTM) rollerball 0.5mm pen. 

[0075] Figure 11 shows the sequential development 
of the streak using this ink. 
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through which the test signal and sample presence 
signal are viewable when formed. 

8. The assay device of any one preceding claim fur- 
s ther comprising a control signal generation means 

downstream of the analyte detection region adapt- 
ed to generate a control signal indicative that one 
or more reagents present in the assay device are 
functioning. 

10 

9. The assay device of any one preceding claim hav- 
ing a surface visible to the user, wherein the sample 
presence signal generation means comprises a col- 
oured portion which is not on the surface visible to 

15 the user and which is overlaid by a material which, 
when dry, is substantially opaque and which initially 
obscures at least a part of the coloured portion but 
which, when wet, becomes sufficiently translucent 
or transparent to allow at least the initially obscured 

20 part of the coloured portion to become visible to the 
user. 



Example 7 

[0076] Figure 12 illustrates the nitrocellulose strip of 
a further example device. As before, the nitrocellulose 
receives a liquid sample from a wick, and is enclosed 
within a case (not shown) having a results window 202 
through which an analyte detection region, which is ini- 
tially uncovered 204 can be viewed. There is additionally 
provided a sample presence signal generating region 
206. 

[0077] The sample presence signal generating region 
206 comprises a material which changes colour in the 
presence of an appropriate liquid sample. For example, 
a pH indicating dye, for example, bromocresol green ap- 
plied in a matrix of cross-linkable poly hydroxy ethyl 
methacrylate (poly(HEMA)). 

[0078] Further modifications and alternations may be 
made within the scope of the invention herein described. 



Claims 

1 . An assay device comprising liquid transport means 
adapted to take up a liquid sample and conduct the 
liquid to an analyte detection region operable to pro- 
vide a test signal indicative of the presence and/or 
amount of an analyte in the liquid sample; charac- 
terised in that the assay device further comprises 
a sample presence signal generation means. 

2. The assay device of claim 1 characterised in that 

the sample presence signal generation means gen- 
erates a sample presence signal in the analyte de- 
tection region. 

3. The assay device of claim 1 or claim 2 wherein the 
sample presence signal generation means gener- 
ates a sample presence signal which interacts with 
the test signal in the presence of analyte to form an 
interactive symbol representative of a positive re- 
sult. 

4. The assay device of any one of claims 1 , 2, or 3 
wherein the sample presence signal is not generat- 
ed by means of an immunoreaction. 

5. The assay device of any one preceding claim 
wherein the sample presence signal is in the form 
of a line oriented substantially parallel with the di- 
rection of flow of the liquid sample. 

6. The assay device of claim 5 wherein the test signal 
is a line oriented substantially perpendicular to the 
sample presence line such that the test signal inter- 
sects the sample presence signal. 

7. The assay device of any one preceding claim hav- 
ing a casing, the casing having a window therein 



10. The assay device of claim 9 wherein the coloured 
portion is a surface of a protruberance from a casing 

25 provided around the liquid transport means. 

1 1 . The assay device of claim 9 or claim 1 0 wherein the 
liquid transport means comprises a liquid transport- 
ing strip functioning as the material which, when dry, 

30 is substantially opaque but which, when wet, be- 
comes substantially transparent. 

12. The assay device of claim 11 wherein the coloured 
portion comprises part of the liquid transporting strip 

35 means. 

13. The assay device of claim 11 wherein the coloured 
portion is a sheet applied to the liquid transporting 
strip means. 

40 

14. The assay device of any one of claims 9 to 13 
wherein the coloured portion presses against the 
liquid transporting strip. 

45 1 5. The assay device of any one of claims 1 to 8 where- 
in the sample presence signal generation means 
comprises a mobilisable detectable material local- 
ised on or in the liquid transport means, and which, 
when wetted by the liquid sample, is carried by it 

so along the liquid transport means resulting in a 
streaked line substantially parallel with the sample 
flow direction. 

16. The assay device of claim 15 wherein the detecta- 
55 ble material is a coloured dye. 

1 7. The assay device of any one of claims 1 to 8 where- 
in the sample presence signal generation means 
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comprises a colour changing material immobilised 
thereon and which undergoes a change in its visible 
properties upon wetting. 

18. The assay device of claim 17 wherein the colour 5 
changing material changes colour in response to 
wetting by a liquid sample having a specific property 

to which the colour change material is responsive 

19. The assay device of claim 17 or claim 18 wherein io 
the colour changing material is a pH indicator. 

20. A method of performing an assay comprising the 
steps of: contacting an assay device according to 
any one preceding claim with a liquid sample and, is 
if the sample presence signal is generated, deter- 
mining whether the test result is positive or negative 

by reference to the presence or absence of the test 
signal. 

20 

21. A test device substantially as described herein and 
illustrated in figures 1 through 8. 

22. A test device substantially as described herein and 
illustrated in figures 9 through 11 . 25 

23. A test device substantially as described herein and 
illustrated in figure 12. 

24. A method of performing an assay substantially as 30 
described herein with reference to the figures. 
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Trie Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. Claims: claims 1-8 (partially), 9-14, 20 (partially) 

assay device (and method) whereby the "sample presence 
signal generation means" comprises a coloured portion which 
is overlaid by a material which when dry is opaque and when 
wet, becomes sufficiently translucent or transparent to 
allow the coloured portion to become visible to the user. 

1.1. Claims: Claims 1-8, 15-16, 20 (partially) 

assay device whereby the "sample presence signal 
generation means" comprises a mobili sable detectable 
material, which when wetted by the liquid sample is 
carried by it resulting in a streaked line. 



1.2. Claims: Claims 1-8 (partially), 17-19, 20 (partially) 

assay device whereby the "sample presence signal 
generation means" comprises a colour changing material 
imnobilised theron and which undergoes a change in its 
visible properties upon wetting. 



Please note that all inventions mentioned under item 1, although not 
necessarily linked by a comnon inventive concept, could be searched 
without effort justifying an additional fee. The single general concept 
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1-20 is the following: an assay device comprising liquid transport means 
characterized in that the "sample presence signal generation means" is 
not generated by means of an inmunoreaction. 
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lines 21-26 ; fig 3), D2 (abstract ; claims 1, 12 ; page 8, lines 9-16), 
D3 (page 4, lines 28-34 ; fig 8) and D4 (column 2, line 40-46 ; column 7, 
line 10 - column 8, line 11 ; figs 1-2) disclose such assay devices in 
which a "sample presence signal generation means" is generated non 
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above identified single general concept is not novel and inventive and 
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